ENGINEERING TOMORROW

O Czero

Control Strategies for an
Integrated SOFC/GT System

NETL LEAP Workshop
November 31, 2021

Dr. Michael Sprengel




Power

d 7 e i

gil |)\i°@ Electronics |- ) Grid

CHANGING WHAT'S POSSIBLE
Supported through ARPA-E INTEGRATE

project number DE-AR0000956
Turbine
Recuperator
Project Targets:
« SOFC/Turbine Hybridization
A

Pressurized operation

Natural gas fuel

70%+ LHV efficiency

_________________________

Solid Oxide Fuel Cell / Gas Turbine Hybrid System

Cathode \

Exhaust
Anode ——
D —
! ®
i ®
i ]
A i 1

Cathode

Anode J

« Installed Cost: $1800 per kW Compressor Turbine SOFC Pressurized
Stack Module
Combustor :
. Note: Select components
Air Intlet Fuel omitted from schematic
4 ( ‘ als

EEEEEEEEEEEEEEEEEE Czero-solutions.com



Basis of Operation
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Key States and Controls
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Dynamic System Model
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Key Findings from Dynamic System Analysis

Power S % Grid
Electronics | o fl
» Higher SOFC temperatures §
improve system efficiency* Exhaust > (Cathode
‘ Turbine od
. . 3 Recuperator hode  —1
> Higher turbine inlet § ¢ | T ——
temperatures improve system | | .
. . * ! i [ ]
efficiency | | | pNy i
| Lnpl  Cathode
> Flow from the GT helps reject T~ L
heat generated in the SOFC Anode
1 Compressor Turbine SOFC Pressurized
Stack Module
_ o Combustor : A
*Maximum temperature limited by _
ial traints Air Intlet Fuel Note: Select components
material cons Irintle ue omitted from schematic

2ero
[ Sl I )
ENGINEERING TOMORROW Czero-solutions.com




O

» Adjust fueling rate to control
power output

» Adjust SOFC load to control
maximum stack temperature

» Adjust GT speed to control
turbine inlet temperature
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Principal Control Loops
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Energy Storage Concepts

Tucker, D.A., Harun, N.F. and Molo, F.L., 2016. Steady
state analysis of direct thermal energy storage in solid

/ Batteries oxide fuel cells (SOFC) (No. NETL-PUB-20794). NETL.
' Thermal Energy
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Globally Optimal Control via Dynamic Programming
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